The large variation in revenues among Norwegian local governments can partly be explained by revenues collected from hydropower production. This revenue variation, combined with good data availability, can be used to extend the literature on the resource curse in two directions. First, to ensure that there is no problem of endogeneity in the analysis we obtain a purely exogenous measure of local revenue by instrumenting the variation in hydropower revenue, and thus total revenue, by topology, average precipitation and meters of river in steep terrain. Second, using data for revenue derived from hydropower production in Norwegian local governments we test the 'Rentier State' hypothesis; that revenue derived from natural resources should harm efficiency more than revenue derived from other sources such as taxation. Although we do find that higher local government revenue reduces the efficiency in production of public goods, we do not find that this effect is stronger for natural resource revenue than for other revenue.
Introduction
A number of studies within the so-called 'resource curse' literature argue that public revenue derived from natural resources has perverse effects for economic efficiency. Several theories have been put forward to explain why this could be the case, and a large number of empirical papers investigate the potential mapping from resource abundance to poor economic performance. In this paper, by using data for revenue from hydro-electrical power plants in Norwegian local governments, we aim to extend this literature in two directions. First, by using geographical characteristics such as meters of river, steepness of terrain and average precipitation as instruments, we arrive at a measure of public revenue which is exogenous. This allows us to test what we term the "Paradox of Plenty" hypothesis; that high public revenues retards economic efficiency. Second, our data also allows us to investigate what we term "the Rentier State" hypothesis; that the efficiency effect of natural resource abundance is different from the efficiency effect of other types of public revenue such as taxation. We find that there is support for a claim that higher revenue retards efficiency, but do not find support for the claim that natural resource revenue damages efficiency more than revenue derived from other sources. Thus, we find support for"the Paradox of Plenty" hypothesis, but not for "the Rentier State" hypothesis.
The first known example of the resource curse is probably the effect of silver and gold from the American colonies on the Spanish state. According to North and Thomas (1973) these revenues freed the state from the constraints of the parliament, leading to a concentration of political power that is partly to blame for the economic decline of Spain in the seventeenth century. North and Thomas's example is closely linked to the theories of the 'rentier state', a term first used by Mahdavy (1979) . The rentier state hypothesis asserts that when resource abundance makes public revenue less dependent on taxation, citizens monitoring of politicians becomes weaker, and policies worse. Although intuitively appealing and popular, it seems fair to say that its theoretical foundations are not yet fully satisfactory developed. For instance, one could ask why citizens should care about the origin of public revenues, and not only about the quality and quantity of the public goods delivered. Nevertheless, given the prominent role of the rentier state hypothesis in the resource curse literature, it is a bit surprising that the large empirical literature on the resource curse does not investigate this hypothesis. Rather than studying the effect of resource revenue versus other public revenue, this literature investigates the isolated effect of resource abundance. Thus it could be argued that what this literature studies is the Paradox of Plenty hypothesis, but not the Rentier State hypothesis. It should, therefore, have some interest to expand the resource curse literature to study also the latter.
The empirical literature on the resource curse is an area of intense debate. Since its change in focus from case-studies such as Gelb (1988) and Karl (1997) to multi country regressions following Sachs and Warner (1995) , the main challenges have been the possibility of omitted variables as well as the endogeneity of measures of resource abundance. To address the omitted variables problem a number of papers, such as Aslaksen (2010) and Collier and Goderis (2008) , have employed panel data that allows for country or local government fixed effects. The problem of endogeneity of the resource abundance measure has been more challenging. The initial literature such as Sachs and Warner (1995) and Mehlum et al. (2006) used flow measures such as share of natural resources in exports or in GDP. As pointed out by many, such a measure is endogenous, and likely to overes-timate the negative effects of resource abundance. The reason for this is that countries are measured as more resource abundant when they experience a reduction in alternative exports, a lower degree of industrialization, or a reduction in physical or human capital. In short, resource intensive production may be the result of poor economic performance for reasons other than resource abundance.
One strand of recent literature, in particular Brunnschweiler and Bulte (2008a,b) and Alexeev and Conrad (2009) , has on the basis of this employed the value of subsoil assets as a measure of resource abundance, arguing that such a stock measure is more exogenous that flow measures. This is not fully satisfactory, however, and may bias the result in the opposite direction from the initial literature. Countries that has long been industrialized may have discovered more of their subsoil assets, leading such successful countries to be measured as resource abundant. For instance, Collier (2010) compares the value of known subsoil assets per square kilometer in countries with high GDP to those with low GDP. In the former countries the value of known subsoil assets is four times the value in the latter. He argues that the rich and developed countries simply has had more time to discover their resources, and thus even if more has been extracted, their measured resource wealth is higher.
Partly on this background, researchers have recently increased their attention towards finding more exogenous measures of resource abundance. Tsui (2011) use initial oil endowments to instrument for oil discoveries. Monteiro and Ferraz (2010) use a geographic rule that determines the share of oil revenues that accrue to different Brazilian local governments. Caselli and Michaels (2011) use municipal oil output to instrument for municipal revenues in Brazil.
We complement these studies by extending the resource curse literature to allow for a purely exogenous measure of revenue generated from hydropower production in Norwegian local governments. Norway has the highest per capita production of hydropower in the world, and about 98 percent of total electricity use is hydropower. With 430 local governments, huge differences in public sector revenue from the hydropower sector, and a close mapping from geographical characteristics to these revenues, local governments in Norway should be a promising candidate in the search for true exogenous variation in total revenues and resource abundance. By utilizing variation in topology, average precipitation and meters of river in steep terrain, the revenue measure do not depend on economic decisions. Thus like the initial literature we use a flow measure of resource abundance, but we avoid the potential overestimation of negative effects of resource income.
Our paper is also related to the growing literature that uses geographical characteristics in economic analyses. Although this literature does not investigate the resource curse, it shares with us the use of geography in constructing instruments. Duflo and Pande (2007) use the river gradient as instrumental variable to study the productivity and distributional effects of large irrigation dams in India, and investigate how dams affect welfare in affected districts. A comparison of outcomes in regions with and without dams is unlikely to provide casual estimates. Regions with relatively more dams are likely to differ in other dimensions, as for example potential agricultural productivity. Their idea is that the river gradient affects districts suitability for dams, and they find positive effects in districts located downstream from a dam, but negative effects in districts where the dam is located.
Another study by Lipscomb et al. (2011) studies development effects of electrification between 1960 and 2000 using geological placement of hydropower plants in Brazil. Elec-trification is most probably correlated with unobservable effects like political decisions and other demand side concerns. They address this potential problem by isolating the portion of variation in electricity grid expansions attributed to "exogenous" engineering cost considerations. Hydropower plant placement is predicted based on geological characteristics like river gradient, water flow, and distance to the Amazon. Their results indicate a positive effect of electricity on some aspects of productivity.
Rural electrification has also been studied by Dinkelman (2010) . She estimates the impacts of electrification on employment growth in South Africa. To identify the causal effect of electrification, land gradient is used as instrumental variable for project placement, generating exogenous variation in electricity project allocation. The empirical analysis shows significant effect on employment, indicating that studies that ignore employment effects could be missing important economic impacts if the infrastructure has a home production bias. Natvik et al. (2011) investigate the causal effect of election stakes on turnout via an instrumental variable approach. Their empirical design exploit that topography determines hydropower income by using variables capturing variations in altitude across local governments.
None of these papers develop an instrument such as ours, nor distinguish between the Paradox of Plenty hypothesis and the Rentier State hypothesis.
The rest of the paper is organized as follows. In Section 2 we discuss relevant institutional characteristics of the Norwegian local governments and hydropower revenue, while in Section 3 there is a short description of the data. Section 4 discusses the empirical specification, our identification strategy, and the hypotheses. The results are summarized in Section 5, before robustness regressions are discussed in Section 6. Concluding remarks are offered in Section 7. Appendix A through J contains more detailed information that we refer to in the main text.
2 The Norwegian local governments
Financing and responsibilities
In Norway, as in the other Scandinavian countries, local governments are important providers of welfare services. The local governments are responsible for child care, primary and lower secondary education (1st to 10th grade), care for the elderly (nursing homes and home based care), primary health care (general practitioners, health centers, and emergency ward), and social services (mainly social assistance and child custody). The welfare services amount to 3/4 of the total budget and are regulated and based on national law. Important welfare services provided by higher level governments are upper secondary education (county responsibility) and hospitals (state responsibility). Many additional activities are also provided by the local governments, although they make up a small share of the budget. They can broadly be categorized as culture (libraries, cinemas, sports facilities, etc), infrastructure (roads, water, sewage, and garbage collection), industry, and housing. The local governments are administered by a directly elected municipal council, ruled by a mayor and an executive board. Local elections are held every fourth year. This way the local governments are partly local organizations with demo-cratic institutions, and partly agents of the central government in the provision of welfare services.
The local governments are largely financed by a combination of local taxes and central government grants, and total revenues made up for 16 percent of GDP mainland in 2007.
1 During the period under study 2 taxes amounted to approximately 45 percent of total revenues and grants to a bit more than 35 percent. User charges and other revenues accounted for the rest. The local governments collect income and wealth tax from individuals, property tax (residential and commercial property), and natural resource tax from power companies (see below). Most taxes are of the revenue sharing type where the local tax rates are determined by the central government. In practice, tax discretion is restricted to the property tax and some other relatively small taxes. The grant system consists of earmarked grants and general purpose grants. There is a large number of earmarked grants for specific purposes, but the general purpose grants are most important for the distribution of revenues. The main role of the general purpose grant scheme is to equalize the economic opportunities across local governments by tax and spending need equalization. The general purpose grant scheme also includes grants to promote regional policy goals.
The system of financing implies that three types of local governments end up with high levels of fiscal capacity; small rural local governments with substantial tax revenue from hydroelectric power plants, small rural local governments that receive regional policy grants, and urban local governments with high levels of income and wealth taxes. We concentrate on the revenue variation due to differences in revenue from hydropower production. Revenues related to hydropower make up a small share of aggregate revenues, but is of high importance for individual local governments. As can be seen in Appendix A, the top local governments on the revenue ranking list have significant hydropower revenues. Common to these local governments is that the hydropower revenue accounts for about half or more of their total revenue. The table also show that, on average, a local government with hydropower revenue has higher total revenue per capita. The average total revenue among local governments with hydropower revenue was NOK 32.600 in 2007. In comparison the same number for all other local governments was NOK 28.300.
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See Appendixs B for a more detailed description of the hydropower sector in the local governments. Table 1 shows how the revenues are distributed among all the local governments. It is clear that local governments with a high share of hydropower revenue is in the upper total revenue per capita quantile. This shows that revenues from hydropower production relax the economic constraints for some of the local governments. In the following we describe the different sources of hydropower revenue.
Revenues from hydropower
Hydropower revenues are mainly collected from three sources; property tax from hydropower plants, natural resource tax and revenues from concession power. First, local governments receive property tax from power plants mainly determined by the national 1 GDP mainland: Excludes petroleum production and shipping. assessment system. Second, the natural resource tax equals NOK 0.11 per kWh produced. Third, local governments affected by hydropower development are entitled to buy up to 10 percent of the power generated. The yield from this concessionary power is equivalent to the difference between the market price of power and the price for the concession power including the input tax. 4 In this paper we focus on these revenues as they may be used freely by the local government. Some minor hydropower revenues (concession fees and revenues from reversions) are not included since they are earmarked for business development funds. See Appendix C for a more detailed description of the hydropower revenues.
It is important to take into account that revenue from hydropower is distributed between neighboring local governments affected by the production. The revenue distribution rules are shown in Appendix D. The number of local governments with revenues from hydropower production in our sample varies from year to year, with about 37 percent of the sample size in 2001 to more than 50 percent of the sample in 2007. The hydropower revenue level varies widely between local governments. In 2007 hydropower revenues varied from zero to over NOK 58.500 per capita. Around 50 % of the local governments in our dataset received revenue from hydropower production. Table 1 gives a description of how the hydropower revenues are distributed among all the local governments. It also gives a description of how the different hydropower revenue components are distributed within each total revenue quartile.
Data
The data is collected from various sources; Statistics Norway, The Norwegian Tax Administration, The Norwegian Advisory Commission on Local Government Finance, and The Norwegian Meteorological Institute. A variable description table is given in Appendix C. The table report the specific data source and some descriptive statistics. The dependent variable, local government efficiency of public services, and the reveneue variables are discussed in subsection 3.1. Subsection 3.3 end the data section with a brief discussion of the other included control variables. We refer to subsection 4.1 and Appendix F for a description of the instrument and its components.
Efficiency and hydropower revenues
We use an efficiency measure at local government level, available for the period 2001-2007, developed by Borge et al. (2008) as dependent variable. This measure is the main indicator of productivity in Norwegian local governments, and has also been used by e.g. Bruns and Himmler (2011) and Revelli and Tovmo (2007) , although in different settings than ours. The number of observations vary between 357 and 387 for different years, with a total number of observations equal to 2592. This covers 86 % of all local governments on average.
Efficiency is measured as the ratio between total output and available resources. The efficiency measure is global in the sense that it relates to overall service provision. The starting point is an output measure based on indicators of production from six main service sectors: care for the elderly, primary and lower secondary education, day-care, welfare benefits, child custody and primary health care. The six sectors account for about 75 % of the local government budgets. In all sectors, service provision is arranged by the local government. All sectors are weighted according to their budget share. The measure relies on a total of 17 indicators of production from the different service sectors. Sector specific indicators are also weighted after budget information, if available. The calculation of the aggregate output measure is as follows:
Here x j si is indicator i in sector s in local government j,x si is the weighted (by population size) sample mean, and α and β are, respectively, sector and indicator weights.
In order to obtain an indicator of efficiency, output must be related to economic resources. Economic resources is measured by per capita revenue (T otalRevenue jt ) within the local government. Efficiency in local public services is then given as:
The total revenue variable, TotalRevenue jt , equals the sum of general purpose grants, revenue and wealth tax, property tax, natural resource tax and concession power revenue. The revenues are deflated by a local government specific "deflator" capturing spending needs variation across local governments and corrected for differences in payroll tax.
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Figure 3 plots Output jt and TotalRevenue jt for 2007 in the same graph. It is clear that there is a positive relationship between aggregate output and local government revenue. There is also a substantial variation in aggregate output between local governments with similar levels of revenue. This indicates that some local governments are more efficient that others. In order to test the rentier state hypothesis, we split the total revenue variable. The revenues collected from the hydropower sector are termed HydroRevenue jt , and equals the sum of property tax from hydropower plants, natural resource tax and concession power revenue. All other revenues are contained in the variable OtherRevenue jt , and equals the difference between TotalRevenue jt and HydroRevenue jt . Our revenue variables are described in more detail in Appendix C.
Control variables
The vector of controls in the empirical specifications capture other factors than revenues that may affect local government efficiency. Factors like democratic participation, political leadership, private revenue, and costs related to topology and climate may all be of importance. First we control for population size to capture eventual economies of scale. Second, we include a variable for sparse population. Settlement patterns may increase public service costs. Third, as the revenue variable only includes block grants and local taxes, it does not include the effect of revenue from user fees on productivity. It is possible to capture some of this effect by including private gross revenue. High private revenue may carry high user fee revenue. Forth, democratic participation can be measured by voter turnout in local government elections. A high degree of democratic participation may affect inefficiency in public service provision. Fifth, we include a variable termed coalition. This is a dummy variable taking the value one if the mayor is from the leftwing block while the deputy mayor is not, or if the deputy mayor is from the left-wing block while the mayor is not. If the mayor and the deputy mayor are from different blocks this might affect the efficiency of public good production as a result of a more equal balance of power. Finally, topological and climate factors may affect productivity. We include a variable for precipitation deviation from normal values. Years with more precipitation than usual may force higher costs on the local governments. A variable for deviation in temperature from normal values is also included.
Empirical specifications and hypotheses
We undertake the empirical analysis in two steps. In step 1 we use an instrumental variable approach to investigate if there is an endogeneity problem. We do not find this to be the case. In step 2 we then test what we term "the Paradox of Plenty" hypothesis and "the Rentier State" hypothesis.
Step 1: Identification strategy
Before the identification strategy is discussed further, we define the empirical specification in step 1 as follows:
Z jt is a vector of controls, δ t is a year-specific constant term, and the jt an idiosyncratic error term. The variables included in the Z jt vector are described in Section 3. The empirical specification is first estimated by ordinary least square (OLS) and fixed effect (FE) estimation.
This empirical specification aims to test if high local government revenue reduces the efficiency in production of public goods. OLS and FE estimates cannot necessarily be given a causal interpretation. Revenues might be endogenous and depend on the policies chosen by politicians in response to fiscal needs. It is therefore important to test if there are any endogeneity problems in the revenue variable and its components. This can be done by an instrumental variable approach. As TotalRevenue jt consist of all local revenues, including revenues from the hydropower sector, testing TotalRevenue jt for endogeneity also test the possibility of endogeneity in the resource abundance variable, measured by revenues from hydropower production.
There are two identification problems that may affect our estimations. First, there is a potential for omitted variables. It is likely that revenues are correlated with unobservable local government-specific characteristics, as for example political factors and the inhabitants' preferences. Second, the observed total revenue variable may be endogenous. For example, it may be the case that local governments that are less efficient in production of welfare services adjust policy so as to collect higher revenues.
Our identification strategy is to use geographical characteristics and precipitation as instruments. As explained earlier, total revenue variation can in part be explained by difference in hydropower production revenue. We therefore instrument the TotalRevenue jt variable by exogenous variables like precipitation, topology, and meter of rivers in steep terrain, as these characteristics can help us predict the hydropower revenue, and thus capture the variation of revenue among local governments.
The instrument is developed in two stages. First, we provide a general description of the hydropower process to clarify how the production of hydroelectric power is affected by geography and precipitation. We then develop our instrument.
The hydropower process
Hydro-electrical power production depends on water flow and height of fall given by nature. Norway has been blessed with both of these characteristics through it's climate and topology. There are about 4000 river systems in Norway. These systems comprise rivers and all its tributaries from source to sea, including lakes, snowfields and glaciers. Water inflow depends on the river system and precipitation. The catchment area is the geographical area that collects the precipitation that runs into a river system. Volume and head of water determine the potential energy of a waterfall and therefore the locations of hydropower plants and their potential. There are two main types of hydropower plants developed in Norway. First, Western Norway, Nordland county and parts of Troms county has relatively steep water systems with steep waterfalls. Here high-head power stations are mainly developed. These plants are constructed to utilize a large head but smaller volume of water. Many of these plants are reservoir power stations, and store water in a reservoir. Water is directed into pressure shafts leading down to the power plant, where it strikes the turbine runner at high pressure. The kinetic energy of the water is transmitted via the propeller shaft to a generator, which converts it into electrical energy (Norwegian Ministry of Petroleum and Energy, 2008). Reservoir power stations allow water to be retained in flood periods and be released in drought periods. See the illustration of a high-head power station in Appendix E. To increase the hydropower production potential, water is transferred from one part of a river system to another, or some places even between neighboring river systems (as shown in the same figure) .
Second, and in contrast, Eastern Norway, Trøndelag region and Finnmark county has longer water systems that carry a large water volume but with relatively smaller waterfalls. Then it is often developed low-head power stations, which use large water volume but smaller heads. Most low-head stations are run-of-river power stations. Regulations of the water flow are difficult, so water production varies with the incoming water given by nature. For both high and low-head power stations there are often several stations in the same river system.
The production potential of a hydropower plant, N (kW ), is given as
where g equals the acceleration of gravity (9.81 m/s 2 ), η is the total power efficiency of the power plant, Q the maximal usable water flow, and H is the head (the total height of fall).
The price formation for hydropower in Norway is determined by supply and demand in the integrated Nordic power market, but also by the power balance in countries outside this region. Precipitation and inflow to reservoirs are important for potential aggregate production and therefore also for the prices in the Nordic market. In addition temperatures and other weather conditions, inside and outside the Nordic countries, affect the supply and demand of electricity, and will be important for the price formation in the electricity marked.
The instrument
The instrument utilize the steepness of the river, water volume in the river, volume of precipitation within the nearby catchment area, and price, and equals:
Here w is water volume classification, River4 wjt is meter of river with water volume class w in terrain above 4 degrees in the center local government 7 , P recipitation jt is average precipitation in the center local government and its neighbors, P rice t is the real average wholesale price of electricity in Norway, and at last, P opulation 10jt is population size lagged 10 years.
The instrument uses different elements from the production process, discussed in section 4.1, to predict if a local government may have hydropower revenue or not. Equation (3) captures the potential for hydropower revenue in the center local government. First, we use water volume data collected from the Norwegian Water Resources and Energy Directorate. They have classified all Norwegian rivers with water volume above 1 m 3 /s into 10 classes. The variable w equals the maximum level in each class 8 . Next, we multiply w, with meter of river in terrain above 4 degrees. See Appendix F for data description and how these variables are calculated. This makes the instrument capture differences in level of hydropower revenue (hydropower production) between the local governments. Next, we multiply this sum by average precipitation (P recipitation jt ) and average wholesale price of electricity (P rice t ). Now the potential for production is multiplied by variables that give us some information about time and price variation. Average precipitation gives information about how much precipitation there is within a potential catchment area. The price variable gives information about price fluctuations. Finally, we divide by population size lagged 10 years, to get the instrument in per capita term. We lag the population size to make sure that there is no endogeneity problem between the instrument and the dependent variable. Local governments with no rivers will not gain any hydropower revenue in this instrument.
A valid instrument must satisfy two main criteria. First, the exclusion restriction states that the instrument should only effect the explanatory variable and not the dependent variable. Second, a strong fist-stage relationship is important (Verbeek, 2008) . We believe that the exclusion restriction is strongly satisfied in our analysis. Local public productivity should not be correlated with any of our instruments. It may be argued that local governments with heavy snow fall during winter may have some efficiency losses. This is taken into account by applying local government FE in some specifications. To control for precipitation variation over time we include a variable for deviation in precipitation from normal values in each local government. We also include deviation in temperature from normal values.
The second criteria can be assessed by performing a first stage regressions of the form:
Here u t is a year-specific constant term that captures any common effects that vary over time, Z jt represent other explanatory variables from the second stage regression, and w jt is the error term. The results document that the instrument is a strong predictor for the total revenue variable. The t-statistics for the instrument in our FE-regression equals 3.22. The corresponding F-value of 10.4 satisfies the rule of thumb for a strong instrument. See Section 5 and Appendix G for details.
In total, our instrument satisfies the criteria for a good instrumental variable. Nevertheless, all instrument variable estimations must be interpreted with caution. While there is no guarantee that the instruments are valid, by comparing how the estimates changes with these modifications, we obtain some sense of the magnitude and direction of bias in our estimates. An underlying identification assumption in our analysis is that, in absence of hydropower revenue and given all other explanatory variables, productivity outcomes across local governments should not have systematic differences.
Step 2: Testing the hypothesis
In order to test the Rentier State hypothesis, the variable TotalRevenue jt is split between hydropower revenue and other revenue. As will be seen by the results in Section 5, the efficiency retarding effect of public revenues does not seem to be the result of endogeneity problems in our revenue variable. Hence, the main regressions in step 2 will be estimated by OLS and FE, although we also here use our instrument as a robustness check.
The resource curse literature emphasizes that both the size and the composition of revenue may affect productivity. A local government with a high level of revenue may supply a high level of public services even without using the economic resources efficiently.
A high level of public revenue may, therefore, reduce the incentives for efficient production of public goods. When a local government has high revenues from the natural resource sector, in our case from the hydropower sector, its dependence on raising revenues directly from citizens decrease, possibly making citizens less concerned about how 'their' money is used. In turn, weaker monitoring of politicians may induce inefficiency.
Our econometric specification is as follows:
All variables are discussed in Section 3. Z jt is a vector of controls, δ t is a year-specific constant term, and the jt an idiosyncratic error term.
We investigate two main hypothesis. The first we refer to as the Paradox of Plenty hypothesis; namely that high revenues in a local government reduces the efficiency in the production of public services, but that it is total revenue and not its composition that matters for efficiency. Thus the Paradox of Plenty hypothesis can be formulated as
The other hypothesis we refer to as the Rentier State hypothesis; revenue derived from resource abundance has a more damaging effect on efficiency that revenue derived from other sources. Thus the Rentier State hypothesis can be formulated as
Empirical Results

Results from step 1
As explained in the last section we use an instrumental variable approach to rule out endogeneity problems in our regressions. The results are reported in Table 2 . As a starting point we report a simple OLS model that only includes year dummies. It appears that the effect is negative and significant. This indicates that higher local government revenue reduces the efficiency in production of public goods. The estimate equals -1.08, meaning that an increase in total revenue per capita by NOK 1000 will cause a reduction in efficiency equal to 1.08 percentage points on average. Column 2 includes other explanatory variables. The estimated effect of the variable of interest remains almost unchanged. The next column, column 3, report FE regression of the same empirical model. This way we control for all time invariant factors that may vary across local governments. The effect of revenue on efficiency is not changed and it is still highly significant.
If the OLS and FE results suffer from endogeneity, the negative correlation between revenues and productivity cannot be given a causal interpretation. This challenge is addressed by our instrument variable approach. The results are presented in columns 4 and 5. The first stage regression is reported in Appendix G and shows that the instrument is highly significant in both the IV and the IV/FE regression. We observe that the estimated coefficients become somewhat higher in absolute values in the second stage regressions, thus indicating that, if anything, OLS underestimates the effect of TotalRevenue jt . It does not seem to be the case that the result of higher revenue leading to lower efficiency is due to endogeneity in the revenue variable. In the FE case the estimated coefficient is nearly tripled in absolute value when total revenue is instrumented. However, the confidence intervals of the coefficients in columns 3 and 5 overlap. Other explanatory variables are also statistically significant. A large population has a negative effect on efficiency in the OLS and FE regressions. For the IV regressions the population coefficient becomes insignificant. This may be a result of limited time variation in the population variable. In contrast, sparsely populated areas has higher efficiency. This effect is, however, insignificant in the FE and IV models. This may also be explained by limited time variation in the variables, which will make the FE estimate inaccurate. The same may also be the case for private gross revenue. It has a positive and strongly significant effect on efficiency in the OLS regression, but also this effect becomes insignificant in the FE and IV/FE model. Surprisingly, voter turnout has a negative impact on efficiency, although not strongly significant. The coalition coefficient is positive and highly significant in the FE and IV/FE regressions. This may indicate that balance of power in the local council is important for efficiency. The last two explanatory variables included is deviation in precipitation and temperature from normal values. The coefficients are, as expected, negative. In years with heavy precipitation and/or low temperatures, the efficiency decrease.
Results from step 2
As explained in the empirical specification section, the total revenue variable is now split into two components, termed HydroRevenue jt and OtherRevenue jt . The estimation results are presented in Table 3 . As in step 1 we start out with a simple OLS model that only includes year dummies. It appears that both effects are negative and significant, but there is no significant difference between the two. The negative effect of an increase in hydropower revenue is only slightly higher in absolute value compared to the negative effect of an equal increase in other revenue. This result yields support to the Paradox of Plenty hypothesis, while the Rentier State hypothesis is rejected. In column 2, we report an OLS regression that includes all the controls. The estimated effects of the variables of interest remain almost unchanged. Both coefficients are strongly significant and negative, and there is no significant difference between them. The OLS results may suffer from omitted variable bias. The next step is thus to perform an FE regression that controls for all time invariant factors that varies across local governments. The FE results are shown in column 3. The coefficient are still remarkably stable and there is no significant difference between the two. Again, as for the OLS results, the FE results yields support to the Paradox of Plenty hypothesis, while the Rentier State hypothesis is rejected. As a robustness check, the same model is estimated with IV and IV/FE using the instrument constructed in section 4.1 on the HydroRevenue jt variable. The results are reported in Appendix H, and support the findings already described.
Robustness
In this section we provide several robustness checks for our baseline estimates from step 2. Appendix I summarizes the results from the alternative specifications that will be presented below.
First we investigate if our results are sensitive to extreme observations and outliers. The motivation is that there are a few observations with relatively low levels of efficiency. For example, in 2005, the minimum value for the efficiency measure is 45, but only 1 % of the observations are below 65. On the other end of the distribution, the maximum value is 135, but only 1 % of the observations is above 125. In columns 1 and 2 in Appendix I we rerun our OLS and FE baseline models excluding observations with efficiency below 80 or above 120. It appears that the results are not driven by outliers with high or low efficiency.
Another concern may be that local governments with high hydropower revenue typically are small and sparsely populated. In our baseline models we control for this by including population size and settlement pattern. To test if this is sufficient, and that there is no other omitted population size variable that affect our estimates, we rerun our baseline regression with an extra dummy variable that equals one if the population size is greater than 10,000. Column 3 and 4 show that the results are robust to this modification.
Our baseline model is static, and it is of interest to investigate if the results carry over to a dynamic specification. In column 5 and 6 we include lagged efficiency as an explanatory variable. Even though the absolute value of our coefficients of interest are reduced in the OLS regression, the effects of hydropower revenues and other revenues are still of similar magnitude.
Finally, it may be argued that the results will be different if we separate between general purpose grants and tax revenues not related to hydropower plants. We test this by doing exactly so; we split other revenue between tax revenues and general purpose grants. The results, shown in column 7 and 8, reveal that the impact of grants and taxes are somewhat different. Still, the hydropower revenue do not seem to harm the efficiency of local public good services more than an increase in any of the other revenue variables.
Alternative efficiency measure
In addition we test the results by rerunning the regressions on an alternative efficiency measure, developed by Borge et al. (2008, p. 481 and 492) . 9 We term the alternative efficiency measure E(A2). This measure takes into account two weaknesses in the baseline efficiency measure. There will be a tendency to overestimate efficiency in local governments with high user charges, low interest payments and debt service, and large deficits. Left out sectors 10 and imperfect correspondence between revenues and resources devoted to service provision can be accounted for by regressing the baseline efficiency measure on the budget shares for the services that are left out; user charges, interest and debt service, and net operating surplus, separated by year. We then subtract the residuals from the regressions from the baseline efficiency measure to form the alternative efficiency measure. Also this measure is normalized such that the weighted average by population is equal to 100.
The results is reported in Appendix J. The estimates of interest are somewhat smaller in absolute value, but our results are still robust. Again, the effects of hydropower revenues and other revenues are of similar magnitude.
Concluding remarks
We have developed a measure of resource abundance that can be argued to be truly exogenous in the sense that it cannot be affected by endogenous economic decisions. This is used to test the Paradox of Plenty hypothesis and the Rentier State hypothesis. We find support for the Paradox of Plenty hypothesis that higher local government revenue retards efficiency, but no support for the Rentier State hypothesis that resource revenue has more adverse efficiency effects than alternative revenue sources. We hasten to add that this need not imply that rentier state mechanisms are irrelevant in other settings. In particular, one could argue that in weakly institutionalized countries the potential effects hypothesized in the rentier state literature are more likely to manifest themselves, and thus that our rejection of the rentier state hypothesis is conditional on strong institutional quality.
We believe that future research could benefit from using similar measures as ours, or other types of exogenous variation in resource abundance, in settings where institutions are weak. Moreover, it may also be the case that when initial institutions are fragile, they may be further eroded by resource abundance. Our paper has not studied such important questions, as our empirical setting is one with local government variation in resource abundance in a country where initial institutions are robust. Although our study thus cannot be regarded as a general rejection of the Rentier State hypothesis, it does indicate that rentier state mechanisms in not the inevitable outcome of natural resource abundance.
A Total revenue linked to hydropower revenue The first hydropower plant in Norway (and Europe) was built as early as in 1885. In 2010 there where in total 1275 developed hydropower plants, with a total installed capacity equal to 29,636 MW 11 . The same year hydropower energy amounted for over 98 percent of total electricity use in Norway. Most of the production capacity enlargement was done between 1950 and 1990. During the last 25 years there have only been small new installations, owing to the fact that environment and landscape effects have been more important in the concession approval. Yet, the production capacity has increased in the same period through technological improvements on already established power plants (Erlandsen, 2006) .
Local governments are involved in hydropower in two ways. First, many power companies were initially established by larger cities. The purpose was to provide a safe and cheap provision of electricity to their citizens. This role became superfluous after the deregulation of the electricity market in the early 1990s. During the last two decades many power companies are sold and the role of local governments as owners is reduced. Second, the local government where the power plant is located receives taxes and other revenues from the power company. These revenues are considered as compensation for environmental damages, and have been important to generate local support for projects that are profitable for the society at large. This study concentrates on the hydropower revenues received by the local governments affected by hydropower production. Geography is the main factor to decide if a local government is resource abundant or not. This exogenous variation will be used in the empirical identification strategy. Most local governments must pay the Employer's National Insurance fee for its employees to the state, as part of the finance program of the National Insurance Scheme. The fee is a percentage of the wage. Some local governments do not have to pay the fee, and the percentage varies from 0 to 14.1. Collected from: The Norwegian Tax Administration Local government specific cost index Each year, the local governments are given a cost index from spending needs equalization system. The goal for the cost equalization program is for all local governments to be able to offer equal public services. Local governments with less costs than the national average cost level will redistribute some of their revenue to local governments with relatively high costs given average costs. The cost level of local public services is calculated individually for all local governments given expenditure weights and certain criteria. These includes unfavorable cost conditions related to population size, settlement pattern, the age composition of the population, and social factors. The overall average value each year is equal to 1. The Norwegian municipalities are free to impose a property tax on the production plants. The tax basis is calculated on the market value of the property. Because the market value of the property among other factors depends on the market price of hydropower over the last 5 years, so will the property tax. By law the minimum basis of the property tax is NOK 0.95 kWh, and the maximum is NOK 2.35 kWh. The tax rate is set between 0.2 and 0.7 percent. The property tax applies to plants larger than 10.000 Kilo Volt Amperes (kVA). The property tax is a pure municipality tax, and can be used as free assets. Yet, the county authority will take property tax revenue level into consideration when distributing other transfers. Source: Property tax basis is collected from Norwegian Tax 
Natural resource tax
Applies to power stations. NOK 0.011/kWh is allocated to the municipality authority. The tax ensures that the local governments have a minimum tax revenue level. The tax base for this tax is calculated for each power plant, and is the average of the plant's total output of electricity in the revenue year and the six preceding years. As from 2004, the tax base includes only generators with a minimum output of 5500kwh. The natural resource tax enters into the revenue equalization program, and parts of the tax will be redistributed through lower state transfers. Source: Statistics Norway
(5438)
The Concessionary power is the yield of power due to concession conditions. Municipal authorities affected by hydropower development are entitled to buy up to 10 per cent of the power generated. The power bought must not exceed general power consumption within the municipality. The yield from this concessionary power is equivalent to the difference between the price for power in the market and the price for the concession power including the input tax. Some municipalities may choose to sell concession power as full cost to the inhabitants; this gives zero in profits. The concession power price corresponds to generating costs. There are currently two price setting regulations. For licenses issued before 1959, the price is negotiated between the licensee and the municipal authority, limited to a maximum price. For licenses issued after 1959, the price is set by the Ministry of Petroleum and Energy in accordance full costs for a representative selection of power stations. Source: Statistics Norway
(3126)
Other minor revenues (not in dataset)
The concessions fees are formal compensation for damage caused to districts in which water resources are exploited. The fee enters into a distinct fund that is used to improve the industry and commerce within the local community. The revenue from reversions enters when the Norwegian state use its right of reversion of a power plant when a license expires, usually after 60 years. The local government(s) affected by this reversion can claim up to 1 3 of the ownership or the dividend. These transfers are often earmarked and locked up in a fund. A business development fund may be imposed on the licensee. The purpose of this fund is to strengthen affected local industrial and commercial development. Redistributed to the municipalities that are affected by the water power development and regulation. The more affected the local government is the greater share of the tax they receive.The rules for this distribution is given in The Taxation Act §18-7. Property tax Similar to the natural resource tax redistribution. Rules are given in The Act on Property Tax to the Municipalities § 8A. 
C.4 Other explanatory variables
E Hydopower production
Precipitation
Precipitation data is collected from Norwegian Meteorological Institute. The data consists of 1x1 km. gridded monthly and annual precipitations values. We also have a 1x1 km. gridded dataset of normal (average) precipitation over the period . The gridded datasets are established by a spatial interpolation method. The methodology is reported in Hanssen-Bauer et al. (2006) .
Using ArcGIS 10 12 we calculate the average precipitation values within each local government and its neighboring local governments for each year. A visual map is shown in Figure 6 . The highlighted area show Vinje local government (the center local government in this example) and its neighbors. 
F.2 Gradient data
The gradient data is calculated in ArcGIS using a terrain model collected from Norway Digital 13 . The terrain model consists of 50x50 meter grids and has a standard deviation equal to ± 4 to 6 meter for its heights values 14 . Once one has a good terrain model it is easy to calculate the average gradient within each local government. Figure 7 shows the terrain model of Norway, and the corresponding slope map. Both maps consist of 50x50 meter grids. 14 Information about the terrain model is given by the Norwegian Mapping Authorities, see: http : //www.statkart.no/statkart.ny.no/nor/Land/Kart o g p rodukter/T errengmodell/ 50 m eters g rid/T errengmodell + med + 50 + meters + grid.d25 − SwtLY 27.ips.
F.3 River data
River data is collected from the Norwegian Water Resources and Energy Directorate (NVE). The data reports all rivers (with water run-of above 1 m 3 /s) in Norway naturally generated from lakes and rivers. NVE has coupled this data with water run-of variation and in turn classified the water run-of for all the rivers 15 . The rivers are classified into 10 groups given their run-off volume, as shown in figure 8 . We have calculated how many meters of river each local government have. This is also been done separately for all river classifications. Meters of river at locations with a slope above 4 degrees
As a final calculation in ArcGIS we calculated how many meter of river each local government has in areas with a slope above 4 degrees 16 . This is done by coupling the gradient data with river data. Figure 9 shows an example with Bykle local government, the local government with most hydro power revenue per capita. Bykle has 267.5 km. of river, in witch 84 km. are in areas with slope above 4 degrees. 2001-2007 2001-2007 2001-2007 
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